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INTRODUCTION AND RATIONALE
Since the early 1960's, many new and improved diagnostic methods have been adopted by the special education
practitioner interested in the learning failures of children.

Despite the progress being made in this area, there

still remains a large portion of our elementary student
population who evade the detection of their learning
handicaps (Johnson and Morasky, 1977).

In a study by

Myklebust and Bashes (Note 1) of third and fourth grade
children, they detected mild to severe learning disability
(LD) in 7 to 15% of their 3000 subjects, depending on the
learning quotient used.
First and foremost in the diagnosis and remediation of
learning disabilities is the confirmation of deficits contributing to the child's general learning problem (McCarthy
and McCarthy, 1976).

Thus the method by which we confirm

learning disabilities is of vital importance if we are to
ever efficiently detect the learning disabled population in
our schools.

This is true primarily because the learning

disabled child is not homogenous either demographically or
in their specific learning deficits (Johnson et al, 1977).
To further complicate the reality of this diagnostic
dilemma, we find professionals in the field of special
education varying widely as to their definition of learning
disabilities (Johnson et al, 1977).

This problem of
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non congruent definitions increases the likelihood that
many children who might possibly derive benefit from a LD
program may be overlooked because they failed to meet the
criteria of a particular definition (McCarthy et al, 1976).
There are primarily two theoretical orientations from
which the study of learning disabilities is approached,
these being studies of behavior and physiology.

This has

caused much of the discontinuity between researchers' definitions of those children experiencing learning problems.
In effort to facilitate the funding and placement of
these learning disabled children in proper programs, a
federal definition has been adopted and reads as follows:
Children with special learning disabilities
exhibit a disorder in one or more of the
basic psychological processes involved in
understanding or using spoken or written
languages. These may be manifested in
disorders of listening, .thinking, talking,
reading, writing, spelling, perceptual handicaps, brain injury, minimal brain dysfunction,
dyslexia, developmental aphasia, etc. They
do not include learning problems which are due
primarily to visual, hearing, or motor handicaps, to mental retardation, emotional disturbance, or to environmental disadvantage.
However, despite the practical nature of the above definition in the public schools, it is felt that this definition lacks precision, does not emphasize CNS etiological
aspects, and excludes some children who probably shouldnot
be (Johnson et al, 1977).

Johnson et al (1977) however, did

feel the federal definition was not necessarily constricting but, in fact, do feel it to be " . . . quite functional in
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most practical situations.

Only in largely theoretical or

research-oriented situations might some lack of precision
or disagreement be attenuating.

Disagreement would most

frequently center about the exclusion clauses of the definitions.

A substantial number of workers in the field

feel that some children, largely excluded by these definitions, should receive more attention in the planning and
delivery of learning disability services."
Since this research is neurophysiologically oriented
and its results are solely physiological, it would be inconsistent with the purpose of this paper to define the
subject population using the federal definition.

In

effort to be consistent and to share a point of emphasis
felt to be important, the following definition by Clements
(Note 2) has been adopted:
. . . Children of near average, average, or
above average general intelligence with
learning and/or certain behavioral abnormalities ranging from mild to severe,
which are associated with the subtle deviant function of the central nervous
system. These may be characterized by
various combinations of deficit in perception, conceptualization, language,
memory, and control of attention, impulse,
or motor function.
To understand the characteristics of behavior is important but to understand the physiology of those systems
facilitating that behavior is
remediation.
chosen.

imparative

to efficient

This is why a particular definition has been

Too often diagnostics are limited to behavioral means.
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The newly acquired electrophysiological diagnostic
aids brighten the future of science and bring it one step
closer to understanding those previously hidden CNS
physiologies.

The ramifications of such advancement

strengthens the prospects that one day scientists will be
able to better detect the neural manifestations of abnormal
behavior.
Electrophysiological Assessment Devices and the Subsequent
Development ·of ABR Techniques
During the. past ten years a trememdous volume._of new electronic technology has . been · contribut-ed to the various health
related disciplines, especially to the field of neurological
assessment.

A target for this development has been the

central nervous system.
One "site of lesion" test found useful in the neurological diagnosis of cochlear and VIII nerve disorders is
electrocochleography (ECOG), which involves the placement
of electrodes in the ear canal or the surgical placement of
electrodes at the promontory of the cochlea.

This test has

been very useful in obtaining the compound action potential
(AP) of the auditory nerve, the summating potential (SP),
and the cochlear potential (CP), also known as the cochlear
microphonic (Glattke, 1978) .

The ECOG potentials are ex-

tracted from the ongoing cortical activity as monitored by
electroencephalography (EEG), a term first published in
1929 by Hans Berger.

The EEG is the electrophysiological
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method for monitoring and recording the ongoing and spontaneous electrical activity of the brain (Skinner, 1978).
ABR, like ECOG, ·is · able through the use of a
summating or averaging computers to extract those early
electrical transmissions of the CNS which are characterized
in the first 10 msec of the 500 msec brain wave (see Figure
One) (Skinner, 1978).
However, unlike the ECOG, the ABR does not require the
surgical implanting of electrodes.

Because of this, ABR

techniques are providing useful information in non clinical
as well as clinical settings.

It is with ABR audiometry

that useful information is now obtained for both neurological
diagnostics and the determination of hearing thresholds.
The ABR method has proven highly applicable in determining
the hearing thresholds of infants and others who cannot or
do not respond behaviorally to standard clinical audiometries.
Rationale for ABR Application
The following studies attempt to provide a rationale
legitimatizing the use of ABR in the neural assessment of
the LD child by sharing a few of its numerous successful
applications in past neurophysiological research.
In a study by Seales, Rossiter and Weinstein (1979),
ABR was used to successfully predict the outcome of 17
comatose blunt head-injury patients.

In a study by Mogensen

and Kristensen (1979), ABR was found to be useful in detecting CNS abnormalities in 83% of the 24 patients suffering
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from multiple sclerosis.

Miller and Josey (1978) used ABR

to evaluate 17 suspected and confirmed lesions of the
cerebellopontine angle, ABR recordings were proved accurate
in the diagnosing of all 17 tumors.

In a similar but more

expanded study by Glasscosk, Jackson, and Josey (1979), ABR
was administered over a span of 22 months to 500 patients.
The results revealed an excellent (98%) success rate for
detecting the presence of cerebellopontine angle lesions.
The authors also mentioned that they have found this procedure to be very helpful in the diagnosis of multiple
sclerosis.
Probably one of the more informative studies concerned
with the neurophysiology of the learning disabled was one
by Capute, Niedermeyer, and Richardson (1968) entitled
"The Electroencephalogram in Children With Minimal Cerebral Dysfunction."

Their results revealed that 50% of

their 106 LD subjects revealed abnormal EEG tracings with
the vast majority of those ranging in age from 8 to 13
years (the overall age range sampled was 2 to 16 years)._
Other LD studies have found even higher percentages of abnormal tracings.

In a study by Klinkefus, Lange, Weinberg

and O'Leary (1965), it was reported that 90% of their
subjects manifested abnormal electroencephalographic
responses.

However, it should also be mentioned that in-

cluded in their population were children suffering from overt
epilepsy.

Although this is not an uncommon associative
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trait of LD, it somewhat attenuates the ability ·togeneralize
their results.

Capute et al (1968) feel that their findings

are of significant importance when compared t9 their nondisabled subjects, wherein only 10% to 25% of the EEG
tracings were abnormal.
Insidious Variables to be Considered
Recent neurophysiological studies have confirmed the
importance of controlling possible intervening variables
when obtaining ABR measurement s.

For example, Jerger and

Hall (1980) reported that of the 617 studies they reviewed
on Auditory Brain-Stem Response (ABR), only 120 (19%)
accounted for the affects of sex and age.

Consequently,

Jerger found that latencies were 0.14 ms greater in males
than they were i n females, and when collapsed across age
the average sex difference was 0.25 ms.

When broken down,

specifically, they found the differences in males and
females ranged from 0.19 ms in the youngest age groups to
0.35 ms in the oldest age groups (see Figure 2) (Jerger
et al, 1980).

They also found wave V amplitudes to

correspond to latency shifts across both sex and age.
Amplitude was also found to decrease with age, and, the
decrease in males (0.050uV) was found to be twice that of
f emales (0.025uV) (see Figure 3) (Jerger e t a l7 1980).
Other studies have also found these prementioned demographic variables important when referring to ABR normative
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data.

In a study done by Callner, Dustman, Madsen, Schen-

kenberg and Beck (1978), it was found that Down's Syndrome
subjects had no reduction in late wave amplitudes as did
the study's normal control group which showed a reduction
of wave amplitude with maturation and aging.

Additionally,

it was concluded from these findings that Down's Syndrome
subjects showed deficits in central neural inhabition
and abnormal neuronal excitability despite variations in
stimulus intensity.

Other studies have also reported similar

effects of sex and age on auditory brain-stem response, eg.
Beagley and Sheldrake, 1978; Thomsen, Terkildsen and Osterhamme, 1978; and Von Wedel, 1979.
Maturational Considerations
One common factor which appears to exist among the research is maturation.

Whether it be regarded in terms of

age or in terms of sexual (hormonal) differences, both
seem to affect neural transmission in terms of time and intensity.

This becomes an important point for consideration

when discussing the LD child in terms of social, mental,
emotional and behavioral maturity (Silver, 1971).

Wunderlich

(1970) makes a point regarding this "maturational" factor
when he describes it in relation to learning disabilities:
The common denominator in most learning
disorders is a development fixation at a
primitive level of function. This seems
to hold true whether the prime problem
is brain damage, improper environment,
chronic psychic stress, or heredity. Consider the frequent. application of the term
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"immature" to children who have problems in the classroom. This concept
of failure to progress beyond certain
developmental levels is a useful one
and may refer to total overall function
or only to an isolated skill.
In an EEG study by Sklar, Hanley, and Simmons, (1972),
it is theorized that dyslexic children (a common disorder
of LD) suffer from an incomplete development of cerebral
dominance.

Thus, we find this idea of CNS immaturity

discussed in a slightly different light.

When reviewing

studies in which brain-stem response recordings were done
on various CNS disordered populations, it becomes readily
apparent that LD is more closely related to delayed normal
cerebral function than to grosser anatomical and physiological anomalies.
Specific Research Provoking this Investigation
Prior to far field recording methods and the skin surface placement of electrodes the study of electrophysiology
was limited to laboratory animals and persons willing to
submit themselves to the highly invasive surgical methods
typically utilized by investigators.
Because of these limitations much of what is known
about the physiology of the human brain and its peripheral
systems is only speculative.

This is an important point

for consideration when one realizes that the degree of
abnormality in learning disabilities is not of a magnitude
that would lend itself to reliable reproduction via ablation
of the CNS.
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However, animal ablation studies have enabled science
to formulate and postulate the general contributions and
diminutions of various CNS loci.

From these same studies

some good guesses have been offered concerning the CNS
dysfunctions to which learning disabilities may be
attributed.
In general, attention has focused on two systems
the reticular · forrnation (RF) and the limbic system
(Silver , 1971; Barr, 1976).

The basic assumptions on which

the majority of past researchers have operated is that the
overt abnormal behaviors of the learning disabled stem
from disordered sensory integration at the hind and/or midbrain levels .

With general agreement on this point comes

disagreement as to the cause of this disorder.
Researchers have found strong tendency of LD in familial
lineage, provoking many researchers to consider the
possibility that there exists a genetic factor (Orton,
1937; Drew, 1956; Lenneberg, 1967; Silver, 1971; Barr, 1976).
Some learning disorders have been attributed to metabolic
disorders manifested in synaptic dysfunction (Kurtz, Note 3:
McGrady, 1968).

Smythies (1963) probes some possible

correlations of schizophrenia and temporal lobe epilepsy
with disturbances of limbic and temporal lobe function
brought about by learni ng and the social stigma of having
an unmentionable mental disorder.

The prevalence of such

symptomatology in the learning disabled population has been
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touched upon by several researchers (Pond, 1969; Graham
and Rutter, 1968; Barr, 1976).

Additional areas of endeavor

remain concerning the e.ffect of environmental pollutants on
a developing central nervous system (Barr, 1976).
Smythies (1970) reported that multiple small lesions
of the RF to have no overt behavioral effect while larger
lesions tend to result in coma.

This would indicate that

a small margin lies between the minimum neural activity required for consciousness and that required for effective
sensory integration.

It is indeed this very fact that

has disallowed more definite distinctions to be drawn between limbic and RF etiologies.
This brings the reader back to the prementioned difficulties
associated with the ablation of laboratory animals.

While

the ablation of entire limbic bodies yield easily observed
gross abnormal behaviors the ablation of the RF yields
either irrevocable unconsciousness or changes in behavior
oftentimes impossible to detect in sub-human mentalities.
In a study investigating the verbal

transfo~ation

(VT)

phenomenon in LD children it was discovered that the LD
population did not perceive VTs as a whole until past the
8-yr 6-month level (Barr, Mullin and Kissel, 1978).

Warren

and Warren (1966) noted that all the normal children in
their studies manifested VT by the age of 8 years.

This

difference between normal and LD children in verbalizing
transformations has been associated with an incomplete
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development of cerebral dominance by Perl (1970).

This

reflects another viewpoint that emphasizes a form of delayed development.

These concerns with maturation are of

considerable importance when one understands the complexity
of reciprocal exchanges between maturational growth and
perceptual stimulation (Church, 1961; Barr, 1976).
Last but far from least in this review of the literature
is a study by Sohmer and Student (1978).

Sohmer et al

(1978) compared the ABR results of normal, autistic, minimal
brain dysfunction and psychomotor retarded children.
cant : differences

we~e

Signifi-

repor:tedly. found between the normal sub-

jects and all three disordered subject groups (see Table #1).
1

TABLE

Intergroup significances of brain-stem transmission time.
Control

Autistic

MBD

Retarded

Control
Autistic

F = 5.714
p

MBD

Retarded

0.05

F = 42.039

F = 31.637

p

p

0.01

F = 8.547
p

0.01

0.01

F = 0.303
NS

(from Sohmer and Student, 1978)

F = 6.192
p

0 . 05
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Despite Sohmer et al! s (1978) findings their failure to control variables since documented by the literature as significant in the development of the ABR brings up serious
questions regarding their study's internal validity.

A

listing of those variables reported by Sohmer et al.(l978) asnot
being controlled and those variables not cited as being
controlled has been developed with references advocating
their contributions to the ABR.
1.

The list is as follows:

ABR differences attributable to sex differences
(Jerger and Hall, 1980; Beagley and Sheldrake,
1978; Thomsen, Terkildsen and Osterhamme, 1978;
Von Wedel , 1979)

Sohmer and Student (1978).

failed to control for sex.
2.

ABR differ ences attributable to stimulation rate
(Mauney, Berlin, Cullen, and Hughes, 1978).
Sohmer and Student (1978) reports having used
"a rate of 10 or 20/sec."

This shows a failure

to standardize this variable across subjects.
3.

CNS differences attributable to sedation and/or
altered consciousness

(Stockard and Rossiter,

1977; Barr, 1976; Parasuraman, 1978; Smythies,
1970).

Sohmer and Student (1978) reported that

"most of the children in the experimenta l gr oups
were studies during sedated sleep whi le most of
the control children were awake."

They attempted

to discount the effect of this difference on the

17
basis of several normal children and one MBD
child studies while awake and then again while
in sedated sleep with no apparent affect on
the ABR.
4.

ABR differences attributable to the failure to
mask the non-test ear (Chiappa, Gladstone, and
Young, 1979; Stockard, Stockard, and Sharbrough, 1980; Rowe, 1981).

Sohmer et al. (1978) fail-

ed to divulge whether or not they used masking.
It has been reported that this is an important
procedure when testing young children.
Sohmer et al. (1978) also failed to divulge the IQ
levels of their MBD populations which is important for the
qualification of their subjects as minimally brain-damaged.
This critical analysis of Sohmer et al. (1978) should
not be misconstrued as a framework for the collection of
contradictory evidence but should instead serve as a
rationale for continuing investigation.

Their report, in

fact, has served in provoking more vigorous controls in
this study.

STATEMENT OF THE PURPOSE AND HYPOTHESES
In most

studies~

tic implications.

there are both immediate and futuris-

Not only are the present problems eluci-

dated, but the application of new information has value
in deterring or possibly eliminating diagnostic problems
in the future.

Present.

There are three immediate needs for this study

at this time, some of which were inferred earlier in this
proposal; these are:
(b)

(a)

better diagnosis of LD etiology,

establishment of ABR techniques as being applicable

to LD diagnosis, and

(c)

physiological confirmation of

past researchers' assumptions that there does exist a CNS
component in learning disorders.
(a)

Better Diagnosis.

Much of the thrust in LD

research is toward the diagnosis of CNS physiology attributable to pathology.

This thrust

involves a multitude of researchers in a wide
variety of disciplines--neuroanatomy, cybernetics, clinical neurology, psychiatry and many
others so inclined (Silver, 1971).

The ramifi-

c ations of all these different resear c hers and
their studies move our knowledge of the CNS
and its disorders through perplexing segways in
18
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hope

of establishing causal links generalizable

to the intended populations (Smythies, 1970).
(b)

Establishment of ABR.

Like any new electro-

physiological device, it has to be applied in
order to decide its worth.

It is probable that

Auditory Brain-Stem Response (ABR) audiometry
will be found as useful in detecting the neurological disorders in the LD population as it has
been in other disorders of the CNS.

ABR has

been applied to many disorders with varying
degrees of success (Black, Fariello, and Chun,
1979; Hecox, Squires, and Galambos, 1976; Orlowski,
Nodar, and Lonsdale, 1979; Sharbrough, Stockard,
and Aronson, 1978; Stockard, Rossiter, Weiderholt,
1976; Robinson and Rudge, 1978).

Past research

seems to predict a successful application of ABR
methods to LD diagnosis.

This study will aid in

the establishment of ABR data relative to the LD
population.
(c)

Confirmation of Assumptions.

In reviewing

the applications of ABR across populations of
disabled and non-disabled, it becomes apparent that
this method is highly sensitive to mild differences
in CNS function (Kjaer, 1979).

It has been inferred

from these studies that if ABR methods can detect
mild differences between sexes, ages, sleep, and

20

conscienciousness, that overt abnormal behavior
can be differentiated from those considered
normal.

This study

may aid in reposing any

doubt that the LD child suffers dysfunction at
the level of the brain-stem as well as in the
higher cortical areas.

The implications of

such

confirmation would be extraordinarily important when
one considers the fact that the brain-stem is
the first area of sensory fusion between left
and right extremities as well as a manipulator
and determiner of higher limbic and cortical
functions (Barr, 1976).
Future.

Communication and learning are two vital parts

of a child's physiological and psychological growth.

When

considering the ease with which these processes can be
distorted, inhibited or even eliminated, it becomes imperative that proper diagnostic procedures be adopted, so
that accountability of the remedial recommendations can be
established.
The LD child stereotypes many problems in communication
and learning and thus provides a special need for new and
improved diagnostic procedures.

The diagnosis of LD has

in the past a nd continue s to be primarily behaviorally
oriented.

Although these behavioral methods of testing are

of great importance, the addition of non-invasive electrophysiological methods could prove to be highly useful in LD
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diagnosis.

Since these electrophysiological methods do

not require the behavioral cooperation of the child, it
becomes evident that accurate

diagnosis of LD may soon be

possible long before the child experiences failure in
school.
This early diagnosis will only be probable once the
necessary raw data has been collected quantifying nondisordered physiology and then comparing it to those
physiologies felt to be abnormal.
It

is

the purpose

of

this

study

to

quan-

tify the early brain wave activities (via ABR methods)
and then compare them to children not exhibiting learning
disabilities.
Based on this paper's review and discussion of past research there is general agreement that neurological disorder
does seem to exist at the level of the brain-stem.
the

followi~g

Hl:

hypotheses have been developed:

Those subjects demonstrating learning disabilities will exhibit longer brain-stem
transmission times (TT) than the non-disabled subjects.

Hl:

(TT

=

V - I)

Those subjects demonstrating learning disabil i ti es will exhibit lower mean wave V
amplitudes than the non-disabled subjects.

Therefore,

METHODOLOGY
Design
This study used a parallel multiple-subject format for
the comparison and analysis of two different subject groups.
A· 2x2x2x2 factorial design was adopted for use in this
study.

A.

The independent variables are:
Thirty white male children between the ages of 7
and 11 years (inclusive).
~0

Levels:

A1 = Non-learning disabled
Az = Learning disabled

B.

The ascending auditory neural pathways between
the loci of the VIII acoustic nerve and the
superior o l ivary complex (electrophysiologically
symbolized as waves I-III).
Two Levels :

B =Left neuronal hemisphere
1

= Right neuronal hemisphere
2
The ascending auditory neural pathways between
B

C.

the locus of the superior olivary complex and
the approximate locus of the Inferior Colliculus
(electophysiologically symbolized as waves III - V).
Two Levels:

D.

c1
c2

=Left neuronal hemisphere
= Right neuronal hemisphere

The approximate l ocus of the Inferior Colliculus
(electro physiologically symbolized as wave V).
22
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Two Levels:

D =Left neuronal hemisphere
1
D2 = Right neuronal hemisphere

A graphic representation of this design has been
arranged in Figure #4 for the sake of clarity.

FIGURE

4

Factors
Factor A1
Factor A2
The above is an example of a completely crossed design
in which four factors are used.

All levels of the factors

B, C, and D will be used in combination with both levels
of factor A.

Thus, we have LD subjects (A 2 ) at both levels
of factor B, LD subjects at both levels of factor C, and
LD subjects at both levels of factor D.

So, the LD level

of factor A is completely crossed with both levels of
factors B, C, and D.

Since the same is true for the non-

disabled level (A ) of factor A we see that factor A is
1
completely crossed with factors B, C, and D.
The dependent variables of this study

were

repre-

sented in measurements of neural transmi ssion time and intensity.

Factors B and C

were

evaluated in electro-

physiological measures of time (millisecond latencies).
Factor D

was

evaluated in electrophysiological measures

24
of intensity (microvolt amplitudes).
All of the statistical computations required for the
analysis of this study's data were accomplished via a
canned computer program which can be found in Appendix A
of this paper.
Stimuli and Apparatus
All ABR recordings were preceded by EEG monitoring and
silent runs.

A 2kHz logon signal was presented monaurally

at three consecutive intensities, 70 dB, 80 dB, and 90 dB
so as to demonstrate an intensity effect on the response
for the verification and easier identification of waves I,
III, and V (Weber, Seitz, and McCutcheon, 1981; Rowe, 1981).
This procedure was particularly useful in the identification of wave I

(Rowe, 1981).

Masking was used contralaterally to the test ear at
30 dB below the intensity of the test stimulus (Rowe, 1981).
A total of 2,048 samples were collected and averaged on
each run at a pulse rate of 5 stimulus per second (Teledyne,
Note 4; Teter, and Staller, Note 5).
Three electrodes were used to monitor the response at
the following loci:

(a)

the reference electrode was loca-

ted at the mastoid ipsilateral to stimulation,

(b)

the

ground electrode was located at the mastoid contralateral
to stimulation,

(c)

the active electrode was positioned

at the forehead (Teledyne, Note 4; Teter and Staller, Note 5;
Terkildsenetal, 1981).
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Information regarding the Teledyne Avionics' ABR instrument (Model TA-1000) used in this study can be found in the
instrument's operators manual.

Additional information con-

cerning amplitude computation, instrument operation, and
calibration procedures can also be found in this manual.
In addition to meeting manufacturer's specifications biological calibration checks were made prior to each day's recordings.
Subjects
The subjects of this study included 15 white male
students from P.A.C.E. School in Longwood, Florida representing the learning disabled population and 15 white male
students from other public school locations representing
the non-disabled population.

All subjects were between

the ages of 7 and 11 years of age (inclusive), none of
which at the time of testing were on medication deemed in
previous research to alter the . ABR responses.
This control was exercised because of numerous studies
having reported the altering effects of some sedatives,
anticonvulsants, antibiotics, steroids, analgesics, tranquilizers, and alcohol (Chu, Squires and Starr, 1978;
Rosenhamer and Silfverskiold, 1980; Squires, Chu and Starr,
1 978; Squires, Chu, and Starr, 1978; Stockard, Rossiter,
Jones and Sharbrough, 1977; Stockard, Stockard an d Sha rbrough, 1980; Bhargava and McKean, 1977; Rebert , Note 6).
In addition to the above control, the subjects were not
sedated for their participation in this test for several
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reasons:

1)

the subjects were able to cooperate with the

needs of the test without sedatives,

2)

sedation would

have been prohibitive for reasons of parental attitude,
school requirements, and the incapacitating effects of
sedation on the child upon returning to the classroom , and
3)

there are some seriously conflicting reports concerning

the effects of altered consciousness on the Central Nervous
System, in particular the reticular formation (Stockard and
Rossiter, 1977; Stockard, Stockard, Westmoreland and Kleinberg, Note 7; Sohmer, Gafui, and Chisin, 1978; Barr, 1976;
Parasuraman, 1978; Smythies, 1970).
The age range of the subjects was so determined as to
avoid the problems with children below 7 years of age who
are less likely to comply with test requirements and
children above the age of 11 who may be experiencing
traumatic hormonal activity attributable to puberty.

All

subjects demonstrated normal hearing via pure tone screening
at that frequency (2kHz) used in the ABR recordings.
was done immediately preceding the ABR recording.

This

Only

subjects responding to a 15 dB (HL) signal participated in
this study (well within ANSI-1969 standards).
The non-disabled population had demonstrated satisfact o r y achievement in the standard public schoo l s ystem an d
did not display any of the characteristic deficits of the
LD child.

The assessment of subjects as non-disabled was

made via interviews with the parents and the children in

27

addition to proof of over-all academic standing (e.g., report cards, transcripts).
The LD students participating in this study met the
requirements of Clements'
earlier in this study.

(1966) definition as cited

The learning disabled subjects

also met the enrollment requirements of P.A.C.E. School
which qualified them as learning disabled.

Each LD

student's file was reviewed for confirmation of IQ scores
and academic disabilities.

Additionally, all LD subjects

had demonstrated failure in the public school.
Procedure
All LD ABR recordings were made in a quiet (but not
sound-treated or electrically shielded) room adjacent to
the school's office (P.A.C.E. School).

The non-disabled

subjects' ABR's were also recorded in a quiet (but not
sound-treated or electrically shielded) room located in
their respective homes.
A brief explanation of each subject's participation
in this study was made prior to the administration of
any tests.

If the prementioned hearing screenings

suggested adequate thresholds then electrode placement
followed .

(The positions of the electrode placements

were covered in an earlier section of this monograph.)
The e l ec trode placements were preceded by an abrasive
alcohol cleaning of the areas to which the electrodes were
to be attached.

Successful placement was considered to
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have been accomplished if the electrodes' impedences fe ll
well-within the impedence requirements of the ABR instrument.

If placement did not meet the impedence standards,

as indicated by the warning light on the pre-amplifier, the
skin was again prepared and the electrode's placement
repeated.

This was done until a successful placement was

accomplished.

In only three instances did the electromyo-

graphic activity of the subject prohibit the acquisition of
reliable data.

In these cases the subjects were dismissed

from participation in this study and replaced by another.
After electrode placement was completed the subjects
were fitted with headphones and asked to lie down.

The

subjects spent the duration of the test lying on a _bed, on
their back with a pillow positioned beneath their heads.
This position helped to relax muscle tensions capable of
producing unwanted electrical artifact.
The latencies of the test waves (I, III, and V) were
obtained by placing the oscilloscope's cursor on the peak
of the wave and then writing down the digitally displayed
time.

The latency measurements for waves I to III, III to

V, and the amplitude of wave V were then determined for
the left and right ear of each subject.
The time required for this procedure was approximately
one hour per subject which included:
of the hearing screening,
(c)

(b)

(a)

the administering

the recording of the ABR,

the hand written recording of measurements.

29
For further information regarding the testing procedures used in this study consult the "Stimuli and Apparatus" section of this paper.

See Appendix B regarding the

correspondence sent to the subjects' parentR for permission
and explanation of their child's participation in this
study.

RESULTS
The mean brain-stem responses produced by auditory
stimulation form the data of this study.

(For purposes

of clarifying and understanding this study's analytic
procedure see Figure /14 of this paper's "design section) .
The ABR means are summarized in Table #2.
Table

2

Mean ABR Responses for LD and Non-LD Subjects
Non-LD (A1)

LD (A2)

n

15

n

X =

2.13

X =

2.11

n

15

n

15

X =

2.13

X =

2.14

n

15

n

15

X =

1.75

X =

1.81

n

15

n

15

X =

1.77

X .=

.1. 82

n

15

n

15

X =

0.77

X .=

0. 60 .

n

15

n =

15

0.64

X =

0 . 59 .

=

=

=

=

=

=

X =

=

=

=

=

=

15

B = Left Hemisphere Waves I - I I I (latency
1
B = Right Hemisphere Waves I - I I I (latency
2
30
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c1 = Left Hemisphere Waves III - v (latency)
c2 = Right Hemisphere Waves III - v (latency)
D1 = Left Hemisphere Wave V )amplitude)
D2 = Right Hemisphere Wave V (amplitude)
Hypothesis one predicted that LD subjects would exhibit
longer brain-stem transmission times than their non-disabled
counterparts.

To test for this difference between subject

groups, separate two way analyses of variance were conducted.
The results of these analysis are contained in Table /13 and /14 respectively.
Table 3

ANOVA Summary Table for Factors A1 (non-LD), A2 (LD), B1
(I- III, left), and B2 (I- III, right).

ss

Source

df

MS

F

P<

0.02

0.88

Between Subjects

A (A 1 , Az>

0.67

1

0.67

Error

0.80

28

0.28

B (B1, B2)

0.60

1

0.60

0.34

0.56

A - B

0.27

1

0.27

0.15

0.70

Error

0.49

28

0.18

Within Subjects

F.95 (1, 28)

=

4. 20·

32
Table

4

ANOVA Summary Table for Factors A (non-LD), A (LD),
1
2
(III- V, left), and c2 (III- V, right).

ss

Source

df

c1

MS

F

P<

1.48

0.23

Between Subjects
0.48

1

0.48

0.91

28

0.32

0.15

1

0.15

0.17

0.68

A - c

0.17

1

0.17

0.02

0.89

Error

0.24

28

0.87

A (A , A2)
1
Error
Within Subjects

c

(C1, c2)

F.95 ( 1 ' 28)

=

4.20

Tables #3 and #4 both reveal non-significant results
with F(O.OS.

Since significance was not found between the

LD and the non-LD subjects' brain-stem transmission times,
hypothesis one has failed to be confirmed.

Thus, neither

the main effect between subjects nor the interaction within
subjects were: significant.
Hypothesis two predicted that .LD subjects would exhibit
lower mean wave V amplitudes than their non - disabled counterparts.

·To test for this difference a two way analysis of

variance was conducted.
contained in Table #5.

The results of this analysis are
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Table

5

ANOVA Summary Table for Factors A1 (non-LD, A (LD), D1
2
(ampl. of V, left), and D2 (ampl, of v, right).

ss

Source

df

MS

F

p

5.02

0.03

Between Subjects
0.18

1

0.18

1.02

28

0.37

D (D1 ' D2)

0.64

1

0.64

2.78

0.11

A - D

0.50

1

0.50

2.19

0.15

Error

0.64

28

0.23

A (A 1 , A2)
Error
Within Subjects

F.95 ( 1 ' 28)

=

4.20

Table #5 reveals an amplitude difference between LD
and non-LD subjects which is very significant F = 5.01, p(
.03.

Based on the predetermined level of significance of

0.05 hypothesis two has been fully supported.

The main

effect of factor D was not significant as was the interaction
of factors A-D.

DISCUSSION
It was felt that any difference between the LD and the
non-dlsabled subjects would be made more apparent by exercising controls on variables not controlled by Sohmer
et al

(1978).

This study was designed with the -

assumption that Sohmer -et al's findings would be generally
confirmed.

However, instead of exacerbating transmission

time differences the added controls apparently eliminated
those differences reported by Sohmer et al (1978).
Significant differences were found in the amplitudes
of wave V which served in the confirmation of hypothesis
number two.

A comparatively lower mean amplitude of

neural activity at the approximate locus of the inferior
colliculus was manifested by the LD subjects when compared to the non-disabled subjects.

In addition to these

findings, a strong tendency, although not statistically
significant, was found in the inter-hemispheric difference
of LD subjects when compared to the differences between
the left and right hemispheres of the non-disabled subjects.
These differences were most apparent in the amplitudes of
the ABR recordings.

These differences would be better

inve st i gated using larger subject groups an d a more extensive analysis of data.
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The implications of this study's findings are important when one reviews the numerous LD theories of causation.
Sohmer et al (1978) reported that they felt their results,
of increased brain-stem transmission time in the LD group,
provided evidence in support of theories advocating specific
organic lesions as the cause of these persons behavioral
problems.
On the basis of this study's results it is believed
that organic lesion is not as probable as theories of delayed or immature development.

Unlike the typical manifes-

tations of prolonged ABR latencies in subjects suffering
from confirmed CNS lesion or metabolic disorder it is felt
that the LD child does not suffer as a whole from the
severance of synaptic connections or an abnormal inhibition
of synaptic communication.

Instead, it would appear that

the LD's physiology replicates one of immaturity or underdevelopment.
Silver (1971) feels that LD symptoms are attributable
to an indiscriminant sensory bombardment of the neocortex.
Silver (1971) blames this abnormal physiological activity
on a decreased ability of the CNS to inhibit sensory input.
This study's results show evidence that the neocortex
probab l y suffers from a starvation of sensory input an d
that the manifestations of purposeless motor activity are,
in fact, a compensative reciprocal act of the neocortex via
the cerebellum to maintain the RF at a conscious level of
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activity.

This theory would also support studies envolv-

ing the intersensory integrative disorders of children
exhibiting learning and perceptual problems.

Studies

alike Birch and Belmont (1965) which shows brain-damaged
subjects exhibiting greater problems using multisensory
information, than unisensory information, would tend to
support the assumption that there does not exist a RF of
adequate integrity for the effective integration of
mult i sensory input.
In a study by Hasbrouck (1980) a significant improvement was demonstrated in figure ground performance with
un i lateral ear occlusion.

This is evidence that the

p e rceptual disorders , so often associated with LD children,
are probably not a problem of competing stimuli being indiscriminately received along with figure stimuli, but is instead, evidence supporting the theory attributing perceptual
problems to an inadequate reticular capacity.

Thus, when

the channels of reception are reduced in number, the
system will then adequately support the normal processing
of stimuli.
Subsequent studies might include investigations into
the possibility that there exist . differences between the
left and right hemisphere s of the LD child's brain- stem
response that a re significantly different from the same
measurements of a non-disabled child's response.
would aid in determining if there does exist:

This
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1.

An abnormal balance in auditory reception at the
level of the brain-stem.

2.

One hemisphere of normal integrity.

3.

A difference which is non-significant in nature.

Such research might also be combined with unilateral
ear occlusion studies to investigate the predictability of
performance on auditory perceptual tasks.
This author has also noted some possible correlations
between early infancy apnea and learning disabilities.
Those interested in such relationships are advised to
consult Orlowski, Nodar, and Lonsdale (1979) wherein are
discussed abnormal auditory brain-stem responses of infants
with threatened sudden infant death syndrome (SIDS).
Orlowski et al (1979) feel that the pathogenesia of SIDS
is possibly due to brain-stem immaturity resulting in a
defective CNS control of ventilation.

SUMMARY
This study was designed to compare the auditory brainstem responses of children with learning disabilities to
non-disabled children.

The results indicate that signifi-

cant differences do not exist in brain-stem transmission
time, but that significant amplitude differences are
present at the approximate locus of the inferior colliculus.
These results were discussed in terms of causation and the
ramifications they pose on prior research discussions regarding limbic and reticular exchange.
It has been proposed that these results provide
evidence that learning disabled children probably suffer
from delayed brain-stem development rather than specific
organic lesions.

In addition it has been speculated that

these results showing lower mean amplitudes in the LD
child's brain-stem response reflect an underdevelopment
of reticular synaptic pathways rather than a lesion of
pre-existing pathways or a abnormal inhibition of synaptic
exchanges both of which would be expected to lengthen the
response.
These findings would tend to support unisensory remediation techniques over multisensory ones.

The inter-

vention of unilateral ear occlusion for the remediation
of auditory perceptual problems would also find support
from this study.
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Appendix A
Computer program used in the statistical analysis· of this
studies data.
1/JOB ANOVA L"lf$ IFAB "If$ U=OKI
*RJ3 34 ANOVA * 9
//ANOVA JOB (,ZF0105,5),JOHNSON
/*PASSWORD KNEE
//EXEC STATRUN, NAME=ANOVR
ABRANDLD
02010101020101010015
BLANK CARD
BLANK CARD
(4X,2F4.2) I (12X,2F4.2)
30 data cards
BLANK CARD
BLANK CARD

II
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Dear
This Writ of Consent is being sent to you regarding
your sons
participation in a
study being conducted at school. The University of
Central Florida's Department of Communicative Disorders
will be supervising the proceedings. The purpose of
this study is to make records of the childrens' ability
to process sound presented them over headphones. The
information received from this study will aid professionals in the field of learning disabilities to diagnose
and predict possible learning problems early on in
childhood. Your son has been chosen because of his
cooperative nature in the classroom. This is important
because the only thing required of him is that he lie
down and remain still during the recording. We believe
this will be a learning experience for him as well as us.
This study will partially fulfill the thesis requirements
for John Johnson, a graduate student at U.C.F. 's Department
of Communicative Disorders. John is also the husband of
Gail Johnson, one of our teachers. An abbreviated form
of this study will then be submitted to a professional
journal for publication. If you decide to give consent,
please fill out the attached form and return it to school
with your son. Thank you for your time.
Sincerely,

Mary E. Dunn
School Director
MED/gej

43
Writ of Consent
I, the parent and/or legal guardian of
do hereby give my consent for

to

participate in the study being done by the University of
Central Florida's Department of Communicative Disorders in
cooperation with P A C E School during the 1981 Winter and
Spring sessions.

I also grant those directly involved

with the study permission to gain access to any information
held by the school files regarding my child.

I do this

with the understanding that names will not be used under
any circumstance that may divulge the identity of the
child or his parents.

Date
Signature
Parent or Legal Guardian
Dept. Chairman----------------------Graduate Asst.
School Director
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